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[57] ABSTRACT

In order to keep mechanisms related to opening and closing
of a drain valve disc out of the influence of drain stored in
a bowl, there are provided, at positions higher than a liquid
level of the drain stored in the bowl, a pressure receiving
member moving up and down due to pilot air pressure in a
pilot chamber and for opening and closing the drain valve
disc 42, a pilot valve seat for communicating the pilot
chamber with the interior of the bowl, a pilot valve disc for
opening and closing the pilot valve seat, an exhaust orifice
for communicating the pilot valve chamber with the atmo-
spheric air, and a lever tilted by upward or downward

movement of a float and for opening and closing the pilot
valve disc.

7 Claims, 8 Drawing Sheets
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1
AUTO-DRAIN UNIT

FIELD OF THE INVENTION

The present invention relates to an auto-drain unit for
automatically discharging drain by moving a float up and
down.

DESCRIPTION OF THE BACKGROUND ART

FIG. 12 shows an example of a conventional type auto-
drain unit, in which an auto-drain unit 1 comprises a bowl
2 for storing drain coming through a drain inlet (not shown),
a cylindrical valve seat member 3 engaged in a drain outlet
2b at the inner bottom of the bowl 2, a drain valve seat 4
having a sealing member mounted on the valve seat member
3, a drain valve disc S for opening and closing the drain

valve seat 4, and a piston 6 integrally constructed with the
drain valve disc 3.

Said piston 6 is accommodated in a cover 8 above the
valve seat member 3 in such manner that the piston is moved
up and down, and it is permanently pushed downward by a
return spring 12, i.e. in a direction to open the drain valve
seat 4 by the drain valve disc 5. On the cover 8, a guide tube
9 for guiding upward and downward movement of a float 10
is provided.

On the upper surface of the piston 6, a pilot chamber 13
is formed, and the pilot chamber 13 is communicated with
the bowl via a pilot valve seat 15 on the upper end of the

gnide tube 9 and is also permanently communicated with the

drain outlet 2b via an orifice 19 having a diameter smalier
than that of the pilot valve seat 15. On the lower surface of

the piston 6, a pressure receiving chamber 14 directly
communicated with the bowl 2 is provided.

A pilot valve disc 16 for opening and closing the pilot
valve seat 15 is mounted on a rotating member 17, which is
tilted by upward or downward movement of the float 10.
When the fioat 10 is moved down, the pilot valve seat 15 is

closed, and when the float 10 is moved up to a predetermined
position, the pilot valve seat 15 is opened.

In the conventional type auto-drain unit 1 as described
above, when liquid level of the drain in the bowl 2 is low,
the float 10 is moved down and the pilot valve disc 16 closes
the pilot valve seat 15. Thus, air pressure in the pilot
chamber 13 opened to the atmospheric air via the orifice 19
is lower than the pressure in the pressure receiving chamber
14, which is communicated with the bowl 2. As a result, the
piston 6 is moved to a position higher than the position in the
figure against resilient force of the return spring 12, and the
drain valve disc § closes the drain valve seat 4.

When liquid level of the drain is high and the float 10 is
moved up to a predetermined height, the rotating member 17
is rotated counterclockwise, and the pilot valve disc 16
opens the pilot valve seat 15. Thus, pressurized air in the
bowl 2 enters the pilot chamber 13. As a result, the sum of
the operating force caused by air pressure, which is applied
downward on the piston 6 in the pilot chamber 13, and the
operating force caused by the return spring 12 becomes
higher than the operating force applied upward on the piston
6 by drain in the pressure receiving chamber 14, and the

piston 6 is moved down. Then, the drain valve disc S opens
the drain valve seat 4 to discharge drain.

When the liquid level of the drain is decreased, the fioat

10 moves down, and the rotating member 17 is rotated
clockwise, and the pilot valve disc 16 closes the pilot valve

seat 15. Thus, the air in the pilot chamber 13 is gradually
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discharged to the outside through the smaller diameter
orifice 19, and the air pressure decreases. Then, the piston 6
is moved up, and the drain valve disc 3 closes the drain valve
seat 4, completing the discharge of the drain.

In the conventional type auto-drain unit 1, many members
including the piston 6 are immersed in the drain, which is
stored in the bowl 2. As a result, Iubricant on the sealing
member is washed off by drain, or foreign objects (such as
solid matters, slurry, etc.) in the drain are caught. These
adverse effects of the drain often causes erroneous operation
and hinders maintenance operation to correct trouble or
defective operation.

Because pilot air in the pilot chamber 13 is discharged
through the drain outlet 2b together with the drain, the pilot
air is not smoothly discharged in case a long and highly
resistant pipe is connected to the drain outlet 2b, and

€ITOREOUS operation may OcCCUr.

Further, manual operation from outside cannot be
achieved, and it is also difficult to design such manual

operation means.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
auto-drain unit, which ensures opening and closing opera-
tion of the valve disc by keeping the members relating to
opening and closing of the valve disc out of the influence of
the drain stored in the bowl.

It is another object of the present invention to provide an
auto-drain unit, in which component members can be easily

disassembled and which facilitates maintenance and repair.

It is still another object of the present invention to provide
an auto-drain unit, in which pilot air can be smoothly
discharged. exhaust orifice is not clogged, and operation is
performed in stable manner.

It is still another object of the present invention to provide
an auto-drain unit, which can be easily operated manually
from outside.

To attain the above objects, the auto-drain unit of the
present invention comprises a bowl of cylindrical shape for
storing drain and provided with a drain inlet in the above and
a drain outlet on the bottom, a drain valve seat for discharg-
ing drain and mounted on the drain outlet, a drain valve disc
for opening and closing the drain valve seat, a pressure
receiving member for opening and closing the drain valve
disc by moving up and down as pilot air is supplied to or
discharged from the pilot chamber, a pilot valve seat for
communicating the pilot chamber with the interior of the
bowl, a pilot valve disc for opening and closing the pilot
valve seat, an exhaust orifice having an effective opening
arca smatler than the pilot valve seat and communicating the
pilot chamber to atmospheric air, a float moving up and
down according to liquid level of the drain in the bowl, and
a lever tilted by upward or downward movement of the float
and for opening and closing the pilot valve disc, whereby
said pressure receiving member, pilot valve seat, pilot valve
disc, exhaust orifice and lever are provided at positions
higher than liquid level of the drain stored inside the bowl.

According to a preferred aspect of the present invention,
the bowl is provided with a cover, which can be freely
opened or closed. On the cover, the pressure receiving
member, pilot valve scat, exhaust orifice and lever are
mounted, and the lever is supported by the cover at an
intermediate point so that it can be tilted. On one side of the
supporting point, the float is connected, and the pilot valve
body is mounted on the other side of the supporting point.
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In the present invention, the pressure receiving member is
provided with a needle valve for opening and closing the
exhaust orifice and has a pin, which is inserted into the
exhaust orifice with a gap, and it is preferable that the pin 1s
moved in the exhaust orifice by opening and closing of the
needle valve, thus preventing clogging of the orifice.

The cover may be provided with a manual operation
means. by which it is possible to open the pilot valve disc by
manual operation.

Also, the auto-drain unit of the present invention com-
prises a bowl inlet in the above and a drain outlet at the
bottom. an inner tube removably accommodated in said
bowl, having an opening communicated with said bowl on
side wall and provided with a drain valve seat for discharg-
ing drain at a position corresponding to the drain outlet of
the bowl, a drain valve disc for opening and closing the drain
valve seat of said inner tube, a pressure receiving member
for opening and closing the drain valve disc by moving up
and down as pilot air is supplied to and discharged from the
pilot chamber, a pilot valve seat for communicating the pilot
chamber with the interior of the bowl, a pilot valve disc for
opening and closing the pilot valve seat, an exhaust orifice
having an effective opening arca smaller than the pilot valve
seat and communicating the pilot chamber to atmospheric
air, a float moving up and down according to liquid level of
the drain in said inner tube, and a lever tilted by upward or
downward movement of the float and opening and closing
the pilot valve disc, whereby the pressure receiving member,
pilot valve seat, pilot valve disc, exhaust orifice and lever are
provided at positions higher than liquid Ievel of the drain in
the bowl.

According to an embodiment of the present invention, the
bowl has a cover. which can be freely opened or closed. On
the cover, inner tube, pressure receiving member, pilot valve
seat, exhaust orifice., and lever are mounted. The lever is
tiltably supported by the cover at an intermediate point so
that it can be tilted freely. The float is connected to one side
of the supporting point and the pilot valve disc 1s mounted
on the other side of the supporting point. By opening the
cover. all mechanisms and members relating to drain dis-
charge in the bowl can be taken out of the bowl.

In the present invention, the pressure receiving member
has a needle valve for opening and closing the exhaust
orifice and is also provided with a pin, which is inserted into
the exhaust orifice with a gap. By opening and closing the
needle valve, the pin is moved in the exhaust orifice to
prevent clogging.

The cover may be provided with a manual operation
means, by which it is possible to open the pilot valve disc by
manual operation.

In the present invention, when pressure is applied in the
bowl and liquid level of the drain is low, the float moves
down and the pilot valve disc closes the pilot valve seat.
Thus, the pilot chamber is shut off from the interior of the
bowl. and air pressure in the pilot chamber is low. As a
result, pressure receiving chamber moves up, and the drain
valve disc closes the drain valve seat.

When liquid level of the drain is high and the float is
moved up to a predetermined height, the lever is tilted, and
the pilot valve disc opens the pilot valve seat. Then, pres-
surized air in the bowl flows into the pilot chamber, and the
pressure receiving member is moved down, and the drain
valve disc opens the drain valve seat. As a result, the drain
in the bowl is discharged through the drain outlet.

When the float is moved down as the drain is discharged,
the lever is tilted and the pilot valve disc closes the pilot
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valve seat. Then. the air in the pilot chamber gradually flows
out through the small diameter exhaust orifice. Then, the
pressure receiving member is moved up, and the drain valve
disc closes the drain valve seat, and drain discharge is
completed.

In the present invention, pressure receiving member, pilot
valve seat, pilot valve disc. exhaust orifice and lever are
provided at positions higher than liquid level of the drain
inside the bowl. Accordingly, erroneous operation or trouble
caused by immersion of these members in the drain can be
prevented, and reliable opening and closing operation of the
valve disc is ensured.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a longitudinal sectional view of a first embodi-
ment of an auto-drain unit of the present invention;

FIG. 2 is a plan view of a lever;

FIG. 3 is a schematical cross-sectional view of the
embodiment of FIG. 1 when the lever is mounted;

FIGS. 4A and 4B represent cross-sectional views each
showing an essential portion to explain operating conditions
of the lever;

FIG. 5 is a longitudinal sectional view showing a different
operating condition of the auto-drain unit of the first

embodiment;

FIG. 6 is a longitudinal sectional view showing the
auto-drain unit of the first embodiment when it is disas-
sembled;

FIG. 7 is a partial cross-sectional view showing a varia-
tion of a pressure receiving member;

FIG. 8 is a longitudinal sectional view of a second
embodiment of the auto-drain unit of the present invention;

FIG. 9 is a partial enlarged cross-sectional view of the
second embodiment;

FIG. 10 is a cross-sectional view along the line A—A of
FI1G. 9;

FIG. 11 is a partial enlarged cross-sectional view of the
second embodiment; and

FIG. 12 is a longitudinal sectional view of a conventional
type auto-drain unit.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 to FIG. 7 each represents a first embodiment of the
present invention. As it 1s evident from FIG. 1, the auto-
drain unit 21 comprises a bowl 22 in cylindrical shape for
storing drain, an inner tube 23 removably placed into the
bowl 22, a cover 25 air-tightly mounted on an upper end of
an opening of the bowl 22, and a valve disc drive unit 26 for
opening and closing a drain valve disc 45. The inner tube 23
is mounted on the cover 25 by an appropriatc means (not
shown) via an adapter plate 24, which constitutes a part of
the cover 25.

The bowl 22 is provided with a drain inlet 28 for con-
necting a drain supply pipe 27 to an upper portion of a side
wall and with a cylinder unit 20 having a drain outlet 31 at
its bottom. A drain discharge pipe 30 is connected to the
drain outlet 31.

The inner tube 23 is provided with a plurality of openings
33, which communicate the inner tube 23 with the bowl 22
on the lower portion of the side wall and with a cutout

portion 34 on the upper portion of the side wall to form a
space where the lever 56 can move around. It is further

provided with a drain discharge unit 35 of cylindrical shape
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-
at the bottom air-tightly engaged with the cylindrical portion
29 of the bowl 22. On the lower surface of the drain
discharge unit 35, a drain valve seat 36 for discharging the
drain in the bowl 22 is arranged.

Circumferential edge of a diaphragm 39 serving as a
pressure receiving member is air-tightly squeezed between
the adapter plate 24 and the cover 25. On upper and lower
surfaces of the diaphragm 39, a pilot chamber 40 and a
pressure receiving chamber 41 are defined. The pilot cham-
ber 40 is communicated with the inner tube 23 via a pilot
passage 43 and a pilot valve seat 42, and the pressure
receiving chamber 41 is communicated directly with the
inner tube 23.

The drain valve disc 45 for opening and closing the drain
valve seat 36 from below 1s mounted by nuts 47 on the lower
end of arod. which is arranged vertically at the center of the
inner tube 23.

Central portion of the diaphragm 39 is squeezed from
above and below by a diaphragm holder 48 and a shell 49
from above and below. Upper end of the rod 46 1s movably
mounted by a pin 50 on a forked member 48a disposed on
the lower end of the diaphragm holder 48. The reason why
the diaphragm holder 48 and the rod 46 arc movably
connected by the pin S0 is to absorb deviation of central
position and angular deviation of the diaphragm 39 and the
drain valve seat 36 and to increase sealing performance by
the drain valve disc 45. However, in case the above deviation
can be eliminated by precision fabrication and assembling,
the diaphragm holder 48 and the rod 46 may be integrally
designed or they may be direcily connected by screw.

On the cover 25, an exhaust orifice 51 for communicating
the pilot chamber 40 with the atmospheric air is provided,
and effective opening arca of the exhaust orifice 31 is
designed smaller than effective opening area of the pilot
valve seat 42 for communicating the pilot chamber 40 to the
interior of the bowl 22. On the upper surface of the dia-
phragm holder 48, a needle valve 52 for opening and closing
the exhaust orifice 51 is disposed, and a pin 52a is provided
on the needle valve 52 in such a manner that an efiective
opening arca for passing the air into the exhaust orifice 51
is maintained. The pin S2¢ moves up and down in the
exhaust orifice S1 as the needle valve 52 is opened or closed
by upward or downward movement of the diaphragm 39 in
order to prevent clogging of the exhaust orifice S1.

In the inner tube 23, a float 54 surrounding the rod 46 is
provided in such a manner that it can be moved up and
down, and a rod-like connecting member SS facing upward
is arranged on the upper surface of the float 54. The
connecting member 55 is movably placed into a connecting
hole 60. which penetrates through one end of the lever 56 in
a vertical direction. On the upper end and lower end of the
connecting member S5, pressure members SSa and 355 are
arranged at a given distance so that these members are
engaged with the lever 86 to rotate it up and down.

As it is evident from FIG. 2 and FIGS. 4A, 4B, the lever
56 is designed in the shape of an elongated ladder. At the
position of a rocking lever hole 61, eclongated in lateral
direction and arranged at intermediate portion, the lever is
tiltably supported by a rocking lever shaft §7, which pro-
trudes beyond lower surface of the adapter plate 24 and has
large width. On one end of the lever 56, the connecting hole
60 is provided, and the connecting member S5 of the fioat 54
is inserted in the connecting hole 60. On the side of the
rocking lever shaft 57 opposite to the connecting member
55. a mounting hole 62 is formed at a position relatively
closer to the rocking lever shaft 587, and a pilot valve disc 58
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6

for opening and closing the pilot valve seat 42 1s mounted in
the mounting hole 62. Further, an abutment member 63,
movable by pressing a manual operation button 65, is
provided on an end of the lever 56.

Each of the holes 60, 61 and 62 has a smaller diameter at

an intermediate portion in the axial direction, and the
diameter is gradually increased in both directions.

Moreover, these holes 60, 61 and 62 as well as the shafts

placed into them have surplus allowances in the axial
direction. By cumulative effect, the lever 56 can be tilted at

a desired angle even when shafts penetrate through the holes
60. 61 and 62 as shown in FIG. 4.

At a position on the lever 56, avoiding the holes 60, 61
and 62 as well as the abutment member 63, the rod 46 is
placed in such manner that it may not interfere with the lever
56, and a plurality of penetrating spaces 64 are provided so
that the rod 46 can be inserted without interfering with the
lever 56, and drain and air can be passed without hindrance.

The abutment member 63 provided on the end of the lever
56 also serves as a weight. By the weight of the abutment

member 63 and the pilot valve disc 58, the weight ot the

portion of the lever 56 from the position of the rocking lever

shaft 57 to the abutment member 63 is heavier than the
weight of the opposite portion.

Thus, the valve disc drive unit 26 comprises a pilot
chamber 40 and a pressure receiving chamber 41 defined by
the diaphragm 39, a pilot valve seat 42, a rod 46, an exhaust
orifice 51 and a lever 56 having a pilot valve disc 58.

The manual operation button 65, penctrating through the
cover 25 and the adapter plate 24, is pushed by a spring 66
in a direction to jump out from the cover 25, and it is
prevented from falling off by a retaining ring 67 engaged
ncar the forward end. The forward end of the manual
operation button 63 is arranged face-to-face to the abutment
member 63 of the lever 56 with a given gap. By pressing the
manual operation button 65 to rotate the lever 56, the pilot
valve disc 58 can be manually opened.

In the auto-drain unit 21 with the above arrangement, in
case pressure is applied in the bowl 22 and liquid level of the
drain is low as shown in FIG. 1, the float 54 is moved down,
and the pilot valve disc 58 closes the pilot valve seat 42 by
the difference of air pressure between the pressure receiving
chamber 41 under high pressure and the pilot chamber 40
under low pressure. Accordingly, the diaphragm 39 is at
elevated position and the rod 46 is also moved up, and the
drain valve disc 45 closes the drain valve seat 36. Also, the
exhaust orifice 51 is closed by the needle valve 52.

When liquid level of the drain in the bowl 22 moves up
and the float 54 is moved up to a predetermined height, the
pressure member 555 is brought into contact with the lower
surface of the connecting hole 60 of the lever 56. As the float
54 is moved up further, the pressure member SSb pushes up
the end of the lever 56. As a result, the lever 56 is rotated
clockwise in the figure. The pilot valve disc 58 opens the
pilot valve seat 42, and pressurized air in the bowl 22 moves
into the pilot chamber 40.

When the pressurized air enters and air pressure in the
pilot chamber 40 increases and is equalized with air pressure
in the pressure receiving chamber 41, operating force of
fluid pressure applied downward on the diaphragm 39 and
the drain valve disc 45 becomes higher than operating force
applied upward. Then, the diaphragm 39, the rod 46 and the
drain valve disc 45 move down, and the drain valve seat 36
is opened, discharging the drain stored in the bowl 22. In this
case, the needle valve 52 opens the exhaust orifice 51 and the
pilot chamber 40 is communicated with the atmospheric air.
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Because the effective opening area of the exhaust orifice S1
is smaller than the effective opening area of the pilot valve
seat 42, air pressure in the pilot chamber 40 is not lowered
unnecessarily.

Because the portion of the lever 56 closer to the pilot
valve disc 58 is heavier, it is tilted as shown in FIG. S, and
this state is maintained until discharge of the drain is
completed and it is returned by action of the float 54. During
this period, the pilot valve disc 58 maintains the pilot valve
seat 42 in open condition.

When the drain is discharged and liquid level is lowered,
the float 54 moves down and the lever 56 is pulled down.
Thus, it is returned to the state of FIG. 1. and the pilot valve
disc 58 closes the pilot valve seat 42. As a result, the air in
the pilot chamber 40 is gradually discharged through the
exhaust orifice to outside, and air pressure in the pilot
chamber 40 decreases. Then, the diaphragm 39 and the rod
46 move up. and the drain valve disc 435 closes the drain

valve seat 36. and the needle valve 52 closes the exhaust
orifice S1.

When the needle valve 52 opens or closes, the pin 52a
moves in the exhaust orifice 51 and cleans up the interior of
the orifice. thus preventing clogging due to foreign objects.

To perform maintenance for the auto-drain unit 21, the
cover 25 is opened as a shown in FIG. 6. Then, all members
and mechanisms relating to drain discharge and accommmo-
dated in the bowl including the inner tube can be removed
upward from the bowl 22.

In the above embodiment, the diaphragm 39 serves as the
pressure receiving member for opening and closing the pilot
valve disc 58, while a piston 70 may be used as the pressure
receiving member as shown in FIG. 7. The arrangement of

the embodiment of FIG. 7 is the same as the above embodi-
ment 1n other aspects.

FIG. 8 to FIG. 11 each represents a second embodiment
of the present invention, in which an auto-drain unit 71 is
substantially the same as the above first embodiment except
for the following points:

First, in the auto-drain unit 71, the inner tube 23 having
the drain valve seat 36 is not provided in the bowl 22 as in
the first embodiment, but a drain valve seat 74 is directly
disposed at a drain outlet 73 of a bowl 72.

Also, an air outlet 75 to facilitate inflow of the drain is
arranged on the side wall of the bowl 72. However, this air
outlet 7S may not be provided.

A pilot chamber 78 on the upper surface of a pressure
receiving member 77 is permanently communicated with the
atmospheric air on the side of a cover 81 through an exhaust
orifice 80 having a smaller diameter than that of the pilot
valve seat 79. An opening 82 communicated with the pilot
chamber 78 is provided on the upper surface of the cover 81
so that a pressure sensor for detecting pilot pressure can be
mounted. Also, a pilot tube 84 may be connected to this
opening 82, and pilot air may be used as a signal to drive
other devices and units. If neither the pressure sensor nor the
pilot tube 84 is connected to the opening 82, the opening 82
is closed using a plug 83.

As it is evident from FIG. 9 to FIG. 11, the lever 89 opens
and closes the pilot valve disc 88 by tilting when the float 87
moves up and down, and it comprises a pair of bars 894 and
894, which are provided in parallel to each other with a rod
90 between them. These bars 89a and 89a are rotatably
supported at an intermediate position by a pin 93 on a
support member 92, which is extended downward from an
adapter plate 91. At the position of each of the bars 894 and
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89« closer to one end, a slide pin 94 is rotatably mounted.
On the position of each of the bars 894 and 89a closer to the
other end, a pilot valve disc 88 is rotatably mounted by a pin
9s.

On a connecting member 86 connecting the lever 89 with
the float 87, an operating member 97, also serving as a
spring cover and designed in inverted cup shape, is mounted
in such manner that it can be moved up and down, and a coil
spring 96 is arranged between the operating member 97 and
the float 87. Resilient force of the coil spring 96 1s of such
magnitude that the pilot valve disc 88 may not be opened
even when the coil spring 96 is compressed.

Therefore, when liquid level of the drain is moved up
from the state shown in FIG. 8 and the float 87 gradually
moves up, thereby compressing the coil spring 96, and after
contacting lower end of the operating member 97, the lever
89 is pushed up by further upward movement. The lever 89
is tilted, and the pilot valve disc 88 opens the pilot valve seat
79. As a result, pressure in the pilot chamber 78 increases
and the pressure receiving member 77 moves down, and the

drain valve disc 99 is opened. When the pilot valve seat 79
is opened and there is almost no differential pressure applied
on the pilot valve disc 88 in valve-opening direction, the
lever 89 is pushed up by resilient force of the compressed
coil spring 96 and is extensively tilted.

When drain discharge is completed, the fioat 87 moves
down, and an engaging member 86a on the upper end of the
connecting member 86 pulls the lever 89 down. Then, the
lever 89 is returned to the state of FIG. 8 and the pilot valve
disc 88 closes the pilot valve seat 79. When pressure in the
pilot chamber 78 is reduced, the pressure receiving member
77 is moved up, and the drain valve disc 99 closes the drain
valve seat 74. -

Thus, when the lever 89 returns after the drain has been
completely discharged, tilting angle of the lever 89 is wide,
and the time until the pilot valve seat 79 is closed by the pilot
valve disc 88 is considerably long. For this reason, the time
to close the drain valve seat 74 by the drain valve disc 99 is
also long, and the quantity of drain discharge increases each
time the drain valve seat 74 is opened. Because there is some
surplus allowance between the float 87 and the operating
member 97, frequent drain discharge, which may be caused
by slight upward or downward movement of the float 87 due
to vibration of the bowl 22, can be prevented.

Further, 2 manual operating member 100 on the cover 81
is provided in a pilot passage 101. By pressing this down, the
pilot valve disc 88 can be directly pushed and opened.

In the second embodiment, the same component as in the
first embodiment is referred by the same symbol, and
detailed description is not given here.

Also, it is needless to say that the inner tube may be
provided in the bowl 72 in the second embodiment in a

manner similar to the first embodiment.

As described above, in the auto-drain unit of the present
invention, it is possible to ensure reliable opening and
closing operation for the drain valve disc because the

components and the mechanisms related to opening and
closing operation of the drain valve disc can be kept out of

the influence of the drain stored in the bowl.

Also, it is easy to disassemble the components and to
facilitate maintenance and repatr.

Further, the air in the pilot chamber is discharged through
the portion not related to the drain outlet, and this makes it
possible to ensure smooth discharge of the drain and to

prevent erroneous operation even when a highly resistant
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pipe is connected to the drain outlet, and no clogging of the
exhaust orifice occurs. Thus, stable operation is assured, and
the system can be manually operated from outside.

Moreover, operation of the lever for opening and closing
the pilot valve disc is performed stably, and opening time of
the drain valve disc can be elongated. This makes it possible
to increase the quantity of drain discharge per operation and
to prevent erroneous operation, which may be caused by
slight upward or downward movement of the float.

What we claim are:

1. An auto-drain unit comprising: a bowl of cylindrical
shape for storing liquid and provided with a drain inlet at an
upper portion and a drain outlet at a bottom portion, a drain
valve seat for discharging drain and mounted on the drain
outlet, a drain valve disc for opening and closing the drain
valve seat, a pressure receiving member for opening and
closing the drain valve disc by moving up and down as pilot
air is supplied to or discharged from a pilot chamber, a pilot
valve seat for communicating the pilot chamber with an
interior of the bowl. a pilot valve disc for opening and
closing the pilot valve seat, an exhaust orifice having an
effective opening area smaller than the pilot valve seat and
communicating the pilot chamber to atmospheric air, a float
moving up and down according to a liquid level of drain in
the bowl, and a lever tilted by upward or downward move-
ment of the-float and for opening and closing the pilot valve
disc. wherein:

said pressure receiving member, said pilot valve seat, said
pilot valve disc, said exhaust orifice and said lever age
provided at positions higher than the liquid level of the
liquid stored in the bowl;

said bowl is provided with a cover, which can be freely
opened, said pressure receiving member, said pilot
valve seat, said exhaust orifice and said lever are
mounted on said cover, said lever is tiltably supported
by said cover at an intermediate point, said float is
connected to one side of the intermediate point, and
said pilot valve disc is mounted on the other side of the
intermediate point; and

said pressure receiving member is provided with a needle
valve for opening and closing said exhaust orifice and
also with a pin to be inserted into the exhaust orifice
with a gap, and said pin is moved within the exhaust
orifice as said needle valve is opened or closed in order
to prevent clogging of said orifice.

2. An auto-drain unit comprising:

a bowl of cylindrical shape for storing liquid and provided
with a drain inlet at an upper portion and a drain outlet
at a bottom portion, a drain valve seat for discharging
drain and mounted on the drain outlet, a drain valve
disc for opening and closing the drain valve seat, a
pressure receiving member for opening and closing the
drain valve disc by moving up and down as pilot air is
supplied to or discharged from a pilot chamber, a pilot
valve seat for communicating the pilot chamber with an
interior of the bowl, a pilot valve disc for opening and
closing the pilot valve seat, an exhaust orifice having an
cffective opening arca smaller than the pilot valve seat
and communicating the pilot chamber to atmospheric
air, a float moving up and down according to a liquid
level of drain in the bowl, and a lever tilted by upward
or downward movement of the fioat and for opening
and closing the pilot valve disc, wherein:
said pressure receiving member, said pilot valve seat,

said pilot valve disc, said exhaust orifice and said
lever are provided at positions higher than the liquid
level of the liquid stored in the bowl;
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said bowl is provided with a cover, which can be freely
opened, said pressure receiving member, said pilot
valve seat, said exhaust orifice and said lever are
mounted on said cover, said lever is tiltably sup-
ported by said cover at an intermediate point, said
float is connected to one side of the intermediate
point, and said pilot valve disc is mounted on the
other side of the intermediate point; and

said cover is provided with a manual operation means,
by which it is possible to open the pilot valve disc by
manual operation.
3. An auto-drain unit comprising:
a bowl of cylindrical shape for storing liquid and provided
with a drain inlet at an upper portion and a drain outlet
at a bottom portion, a drain valve seat for discharging
drain and mounted on the drain outlet, a drain valve
disc for opening and closing the drain valve seat, a
pressure receiving member for opening and closing the
drain valve disc by moving up and down as pilot air is
supplied to or discharged from a pilot chamber, a pilot
valve seat for communicating the pilot chamber with an
interior of the bowl, a pilot valve disc for opening and
closing the pilot valve seat, an exhaust orifice having an
effective opening area smaller than the pilot valve seat
and communicating the pilot chamber to atmospheric
air, a float moving up and down according to a liquid
level of drain in the bowl, and a lever tilted by upward
or downward movement of the float and for opening
and closing the pilot valve disc, wherein:
said pressure receiving member, said pilot valve seat,
said pilot valve disc, said exhaust orifice and said
lever are provided at positions higher than the liquid
level of the liquid stored in the bowl; and

said auto-drain unit comprises a cover, which can be
opened and closed freely, said pressure receiving
member, said pilot valve seat, said exhaust orifice
and said lever are mounted on said cover, a manual
operation means is provided which can open said
pilot valve disc by manual operation, said lever is
supported tiltably by said cover at an intermediate
point, said float is connected to one side of the
intermediate point, said pilot valve disc is mounted
on the other side of the intermediate point, said
pressure receiving member is provided with a needle
valve for opening and closing said exhaust orifice
and also with a pin to be inserted into said exhaust
orifice with a gap, and said pin is moved within said
exhaust orifice as said needle valve is opened or
closed in order to prevent clogging of said orifice.

4. An auto-drain unit according to one of claims 1, 2 or 3,
wherein a weight of a second portion of the lever where the
pilot valve disc is mounted is designed heavier than a weight
of afirst portion of the lever where the float is connected, the
intermediate point being at a boundary between the first and
second portions, so that, when the lever is tilted and the pilot
valve disc is opened, said lever is maintained under such
condition.

S. An auto-drain unit comprising: a bowl of cylindrical
shape for storing liquid and provided with a drain inlet at an
upper portion and a drain outlet at a bottom portion, an inner
tube removably accommodated in said bowl, having an
opening communicated with said bowl on a side wall of the
bowl and provided with a drain valve seat for discharging
drain at a position corresponding to a drain outlet of the
bowl, a drain valve disc for opening and closing the drain
valve seat of said inner tube, a pressure receiving member
for opening and closing the drain valve disc by moving up
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and down as pilot air is supplied to and discharged from a
pilot chamber. a pilot valve seat for communicating the pilot
chamber with an interior of the bowl. a pilot valve disc for
opening and closing the pilot valve scat, an exhaust orifice
having an effective opening area smaller than the pilot valve
seat and communicating the pilot chamber with atmospheric
air, a float moving up and down according to a liquid level
of drain in said inner tube, and a lever tilted by upward or
downward movement of the float and for opening and
closing the pilot valve disc, wherein:

said pressure receiving member, said pilot valve seat, said
pilot valve disc, said exhaust orifice and said lever are
provided at positions higher than a liquid level of the
liquid in the bowl;
said bowl is provided with a cover which can be opened
and closed freely, said inper tube, said pressure
receiving member, said pilot valve seat, said exhaust
orifice. and said lever are mounted on said cover,
said lever is tiltably supported by the cover at an
intermediate point, said float is connected on one
side of the intermediate point, said pilot valve disc 1is
mounted on the other side of the intermediate point,
and all members and mechanisms relating to dis-
charge of the drain in the bowl can be taken out of
the bowl by opening said cover; and

said pressure receiving member is provided with a
needle valve for opening and closing said exhaust
orifice and also with a pin to be inserted in said
exhaust orifice with a gap, and said pin is moved
within the exhaust orifice as said needle valve i1s
opened or closed in order to prevent clogging of said
orifice.

6. An auto-drain unit comprising:

a bowl of cylindrical shape for storing liquid and provided
with a drain inlet at an upper portion and a drain outlet
at a bottom portion, an inner tube removably accom-
modated in said bowl, having an opening communi-
cated with said bowl on a side wall of the bowl and
provided with a drain valve seat for discharging drain
at a position corresponding to a drain outlet of the bowl,
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a drain valve disc for opening and closing the drain
valve seat of said inner tube, a pressure receiving
member for opening and closing the drain valve disc by
moving up and down as pilot air is supplied to and
discharged from a pilot chamber, a pilot valve seat for
communicating the pilot chamber with an interior of
the bowl, a pilot valve disc for opening and closing the
pilot valve seat, an exhaust orifice having an effective
opening area smaller than the pilot valve seat and
communicating the pilot chamber with atmospheric air,
a float moving up and down according to a liquid level
of drain in said inner tube, and a lever tilted by upward
or downward movement of the float and for opening:
and closing the pilot valve disc, wherein:
said pressure receiving member, said pilot valve seat,
said pilot valve disc, said exhaust orifice and said
lever are provided at positions higher than a liquid
level of the liquid in the bowl;
said bowl is provided with a cover which can be opened
and closed freely, said inner tube, said pressure
receiving member, said pilot valve seat, said exhaust
orifice, and said lever are mounted on said cover,
said lever is tiltably supported by the cover at an
intermediate point, said float is connected on one
side of the intermediate point, said pilot valve disc is
mounted on the other side of the intermediate point,
and all members and mechanisms relating to dis-
charge of the drain in the bowl can be taken out of
the bowl by opening said cover; and

the cover is provided with a manual operation means for

opening the pilot valve disc by manual operation.

7. An auto-drain unit according to one of claims 3 or 6,
wherein a weight of a second portion of said lever where the
pilot valve disc is mounted is designed heavier than a weight
of a first portion of said lever where the float is connected,
the intermediate point being at a boundary between the first
and second portions, so that, when said lever 1s tilted and the
pilot valve disc is opened, said lever is maintained under
such condition.
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